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PROBLEM TO BE SOLVED: To freely and continuously control a work function viewed 
from the gate insulating film side of a gate electrode to a value different from the 
characteristic value of the materials of the gate electrode, and to continuously control Vth 
in an MIS type transistor. 

SOLUTION: In MIS transistors 100A and 100B, a gate electrode 1 0 is formed like the 
laminated configuration of a plurality of kinds of metallic layers 1 1 , 12, and 13 whose work 
functions are. different, and the first metallic layer 1 1 brought into contact with the gate 
insulating film 2 is formed with not more than film thickness of 5 Debye length by an 
atomic layer CVD. 
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(57) [Abstract] 

[Problems to be Solved by the Invention] 

In MIS type transistor , characteristic value where material of 
gate electrode has work function which was seen from gate 
insulating film side of gate electrode , in value whichdiffers it 
controls freely in continuous , it controls Vth in the 
continuous with that. 

[Means to Solve the Problems] 

In MIS type transistor 100A, 100B, it designates gate 
electrode 10, as laminated structure of metal layer 1 1, 12, 13 
of multiple kinds where work function differs, it forms below 
film thickness 5debye length the first metal layer 1 1 which at 
same time touches to gate insulating film 2, with atomic layer 
CVD . 
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[Claim(s)] 
[Claim 1] 

first metal layer where gate electrode , has laminated structure 
of metal layer of multiple kinds where work function differs, 
at same time touches to gate insulating film , the MIS type 
transistor . which designates that it is formed below aim 
thickness feebye length by the atomic layer CVD (Atomic 
Layer Chemical Vapour deposition : ALCVD ), as feature 

[Claim 2] 

MIS type transistor . which is stated in Claim 1 where film 
thickness cf first metal layer is0.6 debye lengths or more 

[Claim 3] 

manufacturing method . of MIS type transistor which 
designates that second metal layer of metal type where first on 
gate insulating film forms first metal layer below film 
thickness fcebye length with the atomic layer CVD . it 
laminates gate electrode material , in manufacturing method 
of MIS type transistor which forms gate electrode . as gate 
electrode material , differs from first metal layer on that is 
laminatedai feature 

[Claim 4] 

manufacturing method . of MIS type transistor which is stated 
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in Claim 3 which forms the first metal layer above film 
thickness 0.6debye length 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

It tries this invention, to be able to control work function of 
gate electrode whichwas seen from gate insulating film side in 
MIS type transistor which possesses laminated structure of the 
semiconductor /insulating film /metal , in continuous , 
technology which controls threshold value Vth of transistor 
with that it regards. 

[0002] 

[Prior Art] 

MIS type transistor which was formed to bulk Sisubstrate , 
Figure 4 (a ), like N- MOS transistor , P-MOS transistor 
which is shown in (b ), generally, forms gate insulating film 2 
in Nwell Ksub>N</sub> of Sisubstrate , or on Pwell 
l<sub>P</sub> furthermore has possessed structure 
whichlaminates gate electrode 3<sub>N</sub>, 
3<sub>P</sub> which consists of n+PolySi or p+PolySi on 
the gate insulating film 2. 

Furthermore, as for in the diagram , sign 4 with sidewall of 
gate electrode , as for the sign 5 with element-isolating film , 
as for sign 6 with extended source or theextended drain 
region , as for sign 7 it is a interlayer insulating film with 
LOCOS . 

[0003] 

Until recently, threshold value Vth of this transistor is 
controlled with impurity concentration of channel part 8. 

impurity density control of channel part 8, freely using ion 
implantation technology and short time thermal processing 
technology , is donerelatively satisfactorily to LSI of design 
rule of 0.l8;mu m extent . 

[0004] 

However, regarding 0.1 ;mu m or design rule transistor of after 
that, with technique which controls Vth with amount of 
impurity of channel .as channel length becomes short, 
absolute number of impurity which contributesto Vth of 
transistor of per each decreases, It has become not be able to 
ignore variation of Vth with thestatistical fluctuation , (Symp. 
on VLSI technology '94 such as T.Mizuno et al, "Performance 
Fluctuations of 0.1 0 ;mu m MOSFETs - Limitationof 0. 1 ;mu 
m ULSIs" ). 
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Then, other than impurity density control of channel part , to 
try to be able to control Vth of transistor even with work 
function of gate electrode , as process of fine device 
correspondence it is designed in such a way that it isdesired. 
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[0005] 

On one hand, because with transistor which uses SOI 
(silicon-on-insulator ) substrate , the activity SOI layer several 
tens of nm is thin, regarding design rule of 0.25;mu m extent . 
with impurity density control in control of Vth there is a limit 
in principle . 

In addition, when impurity concentration of channel part . is 
designated as high concentration above for example IX 
10<sup>18</sup>cm <sup>-3</sup>, because mobility of 
carrier decreases anendanrupon increase of impurity 
scattering , because current drive capacity can 
decrease,furthermore. cannot ignore increase of film thickness 
dependency of SOI of Vth and becomes it is not desirable. 

Then, regarding transistor which uses SOI substrate , it is 
desired that the Vth of transistor is controlled with work 
function of gate electrode . 

[0006] 

Because of depletion prevention or other of 
resistance-lowering . gate electrode of this otherthings and 
gate electrode , it is designed in such a way that is needed that 
gate electrode is formed with metal , it is desired Vth 
evenbecause of that that it controls with control of work 
function of the gate electrode . 

[0007] 

[Problems to be Solved by the Invention] 

But, when material of gate electrode is decided, because 
threshold value Vth of the transistor is decided inevitably with 
device structure (film thickness etc of channel impurity 
concentration , gate insulating film ) of transistor , when the 
gate electrode is formed simply with metal , there is a 
problem that only the transistor which possesses Vth of one 
kind it is possible toproduce. 

[0008] 

K.Nakajima et al, 1999 symposium on VLSI technology 
Digest of Technical Papers . p95 (1999). orientation of 
polycrystalline TiN changing vis-a-vis this, as material of the 
gate electrode , making use of same material although, 
attempt whichcontrols work function in various value being 
done, it is 

But, because with this technique , range of work function 
which can Decontrolled, in basic to (Usually, to 0.1 Vextent ) 
inside range of difference of the work function is restricted 
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with crystal orientation , there to be a principle problem that, 
it isnot possible to control work function in continuous , in 
addition, becausething which orientation of polycrystalline 
100% is controlled is closeto impossible , when of application 
to microscopic transistor was thought, problem is many even 
from point of reproducibility and yield . 

[0009] 

In addition, in this inventor on gate oxide film , first forming 
island region whichconsists of silicon etc with CVD method 
as gate electrode . next,laminating thin film with material 
which constituent material of island region differs on island 
region , island region in this case and coating ratio etc for gate 
oxide film of thin film changing depending, work function of 
gate electrode technique which changes is proposed, (Japan 
Unexamined Patent Publication Hei 7-21 1896disclosure ). 

But, in this technique , coating ratio of island region , 
averaging is not doneinside device of one attendant upon 
narrowing of device ,there is a problem that variation of 
characteristic increases. 

[0010] 

Like above vis-a-vis Prior Art , characteristic value where 
material of gate electrode has work function which was seen 
from gate insulating film side of gate electrode in the MIS 
type transistor , in value which differs it controls this 
invention, freely in the continuous , it designates that it tries 
to be able to control Vth in continuous with that as objective . 

[0011] 

[Means to Solve the Problems] 

When when gate electrode of MIS type transistor is formed 
making use of laminated film of metal of multiple kinds 
where work function differs, film thickness of first metal layer 
which touches with gate insulating film it forms these 
inventors , thin 5 debye long (Namely, several atomic 
layers ),or less laminates second metal layer on that, effective 
work function which was seen from gate insulating film side, 
In first metal layer in work function and second metal layer of 
peculiar between work function of peculiar it can control in 
continuous , in case of this , when first metal layer is formed 
with atomic layer CVD (Atomic Layer Chemical Vapour 
deposition : ALCVD ), even with thin film , 5 debye lengths 
or less fact that reproducibility well it can form in stable was 
discovered in predetermined film thickness . 

[0012] 

Namely, as for this invention, gate electrode , has laminated 
structure of metal layer of the multiple kinds where work 
function differs, first metal layer which at same timetouches 
to gate insulating film , offers MIS type transistor which 
designates that it isformed below film thickness 5debye length 
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by atomic layer CVD , as feature. 
[0013] 

In addition, first on gate insulating film forms first metal layer 
below film thickness Sdebye lengthwith atomic layer CVD , 
this invention laminates gate electrode material on gate 
insulating film , in the manufacturing method of MIS type 
transistor which forms gate electrode , as gate electrode 
material , offers the manufacturing method of MIS type 
transistor which designates that second metal layer of metal 
type whichdiffers from first metal layer on that is laminated as 
feature. 

[0014] 

[Embodiment of the Invention] 

While below, referring to drawing , you explain this invention 
in detail. 

Furthermore, each in the diagram : same sign has displayed 
same or equal component . 

[0015] 

Figure 1 (a ), (b ) is schematic sectional view of N- MOS or 
P-MOS transistor 100A, 100B whichshows one embodiment 
of MIS type transistor of respective this invention . 

As for this transistor 100A, 100B. gate electrode 10 which 
was formed on gate insulating film 2 whichconsists of N well 
l<sub>N</sub> of bulk Sisubsrrate or SiO<sub>2</sub> on 
Pwell l<sub>P</sub>, from gate insulating film 2 side, has 
had laminated structure of metal layer 13 of 3 rd which 
consist of second metal layer 12 and CoSi<sub>2</sub> 
which consist of first metal layer 1 1 and n+PolySi or 
p+PolySi which consist of [tansuguten ] (W ). 

Furthermore, in the diagram , sign 13&apos; is extended 
source or metal layer which was formed on extended drain 
region 6 with metal layer 13 of 3 rd and metal of same kind . 

[0016] 

Here, first metal layer 1 1 is formed to film thickness 0.6debye 
long - 5 debye long (Namely, 0.1 atomic layer -several 
atomic layers ). 

second metal layer 12 completely conductor (n+PolySi or 
p+PolySi ) with being something which is done phosphorus of 
concentration ~5X 10<sup>20< sup>cm <sup>3</sup> (P ) 
(N- MOS Tr :100A ) or by doped doing boron (B ) (P-MOS 
Tr :100B ) in PolySi, is formed to film thickness 50~300nm . 

In addition, metal layer 13 of 3 rd is formed to 10 - 100 nm . 



■0017 



[0017] 
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Like this transistor 100 A, 100B, with this invention , to make 
work function of intermediate of the work function which 
becomes settled due to metal type of work function and the 
second metal layer 1 2 which become settled effective work 
function which was seen from gate insulating film 2 side of 
gate electrode 10 film thickness of first metal layer 1 1 by 
forming thin 5 debye lengths or less, due to metal type of first 
metal layer 11, furthermore, valuewith film'thickness of first 
metal layer 1 1 changing in continuous , It makes anticipated 
value. 

this way whenever as for being able to control work function 
withcontrol of film thickness of first metal layer 1 1 , influence 
of second metal layer 12 because the shield it is done, film 
thickness of first metal layer 1 1 1 debye length increases with 
first metal layer 1 1 when, influence of second metal layer 12 
which was seen from gate insulating film 2 sidedecreases to 1 
/e suddenly, film thickness of first metal layer 1 1 exceeds 5 
debye length, in work function which was seen from gate 
insulating film 2 side. Because influence of second metal 
layer 12 stops appearing substantially, (Applied Physics 
Letters , 54 (3), p268 ( 1 989) reference). 

[001S] 

Furthermore, when first metal layer 1 1 is formed thin, first 
metal layer 1 1 under 1 atomic layer ,namely, metal atom not 
to be a continuous layer , to discrete , may be formed on gate 
insulating film mutually stacking without being agreeable. 
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[0019] 

With this invention , in order on gate insulating film 2 
controlling film thickness with the atomic layer level , to form 
first metal layer 1 1 , with atomic layer CVD , it accumulates 1 
layer or film thickness of less than that at a time constituent 
atom of first metal layer 1 1 . 

As for atomic layer CVD , crystal substrate not to be always 
done necessity in the substrate conventional MBE (Molecular 
Beam Epitaxy ) unlike, in addition, because either ultrahigh 
vacuum isnot needed, on gate insulating film of 
SiO<sub>2</sub> or other amorphous controlability thin film 
it can growwell with atomic layer level . 

[0020] 

In addition, with atomic layer CVD , when gas molecule 
(Precursor ) it is large vis-a-vis adsorption site , because 
unadsorbed site mask it is done when adsorbing of gas 
molecule , gas molecule it is not case that 1 atomic layer 
accumulates withoperation of 1 cycle which adsorbs, usually, 
0. 1 atomic layer (0.6 debye length) extent accumulate, means 
with that 1 atomic layer accumulates by repeating the number 
of cycles . 
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Therefore, by fact that number of cycles is controlled, it 
becomespossible to control film thickness of metal layer in 
digital , (Surface chemistry of materials deposition ata tomic 
layer level , Tucmo Suntola, Applied Surface Science 
100/101, 391-593 (1996) reference). 

[0021] 

Regarding to this invention, there is not exception restriction 
from thepoint which controls work function which you saw 
from gate insulating film 2 sideconcerning lower limit of film 
thickness of first metal layer 1 1 . 

Because of this . with 1 cycle which gas molecule adsorbs 
into thesuffering adsorbant with atomic layer CVD , lower 
limit (Usually. 0. 1 atomic layer ) of film thickness of atomic 
layer which is accumulated in suffering adsorbant , becomes 
really lower limit on film thickness of first metal layer 11. 

[0022] 

When with control of film thickness of first metal layer 11, 
for example first metal layer 1 1 is designatedas 3 atomic layer 
extent as embodiment of control of work function of gate 
electrode 10 which wasseen from gate insulating film 2 side, 
even with when work function which was seen from the gate 
insulating film 2 both N- MOS transistor 100A, P-MOS 
transistor 100B. becomes 4.55 eV extent of work function :ph 
<sub>M</sub> which W film of bulk has, designates first 
metal layer 1 1 as 1 atomic layer extent , work function :ph 
<sub>M</sub> which was seen from gate insulating film 2 
reaches valuewhich is close to 4.55 eV , but when film 
thickness of first metal layer 1 1 isdesignated as 0.1 atomic 
layer extent , Wacom almost being proportionate to the 
coating ratio which surface of gate insulating film 2 sheath is 
done, work function :ph<sub>M</sub> which was seen from 
gate insulating film 2 side it to be possible to change in 
linear , with N- MOS transistor 100 A, Be able to control work 
function :ph <sub>M</sub> of W film in 4.1 - 4.55 eV , it can 
control with P-MOS transistor 100B in 4.55 - 5.2 eV . 

Therefore, it depends on designating film thickness of first 
metal layer 1 1 as 0.5 atomic layer extent , work function :ph 
<sub>M</sub> can designate with N- MOS transistor 100A 
as 4.3 eV extent .with P-MOS transistor 100B can designate 
work function :ph <sub>M</sub> as 4.9 eV extent . 

[0023] 

Regarding to this invention, like above-mentioned transistor 
100A, 100B, in crder in work function which was seen from 
gate insulating film 2 side, for influence of metal layer 13 of 3 
rd not to appear, it is possible to form second metal layer 12, 
thickly,but in work function which was seen from according 
to need , gate insulating film 2 side, it is possible notonly a 
first metal layer 11 and a second metal layer 12, that influence 
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lie, with atomic layer CVD it forms also second 
yer 12. below several atomic layers . 



r 15 of 3 rd . as for sake of of resistance-lowering of 
:rrode 1 0 or according to need is provided etching 
etc at rime of mask , contact formationwhich impurity 
filled at time of ion implantation tries is notfilled that 



As manufacturing method of MIS type transistor of this 
inventics . above-mentioned way otherthan forming first 
metal layer 1 1 with atomic layer CVD , it can do thing with 
known method .as shown in Figure 2 , it can produce N- MOS 
cransisicr 100A of for example Figure I (a ). 
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{0026] 

• 1) Firs*, in bulk Sisubstrate 14, with technique of public 
knowledge element-isolating film 5 and the Nwell 
: <sub>N</sub> are formed with LOCOS method (Fieure 2 
• a)). 

[0027] 

( 2) Ner_ SiCK>ub>2< sub> , for example 1.5~4.0nm extent it 
grows as gate insulating film 2 (Figure 2 (b ) ). 

[002S] 

Figure 2 (c ). On (3) gate insulating film 2, W film film 
thickness 0.6debye long - 5 debye long (Namely, 0. 1 atomic 
layer -several atomic layers ) isaccumulated with atomic 
layer OT) , as first metal layer 1 1 

In case c: this . atomic layer CVD condition designates for 
example substrate temperature as 300 deg C.uses 
WOCl<s:.ib>4< sub> gas molecule (Precursor ) as, 
WOCl<rub>4< sub> influx, N<sub>2</sub>exhaust , 
H<sub>:</sub> influx and the N<sub>2</sub>exhaust 
repeats step gas [rurocshiikuuensu ] as. 

[0029] 

Figure Z d ). On (4) first metal layer 1 1 (W film ), film 
thickness 50-300nm it accumulates PolySi with conventional 
CVD .in Drder farthermore, in forming region of N- MOS 
cransistcr Pion . to become concentration 5X 
10<sup>:5<5in»cm <sup>-2</sup> with for example 
ZOkeV . nmming down, it forms n+PolySi, this the second 
metal layer 1 2 does 

Furthermore, when P-MOS transistor is formed, in order 
Bion , w;:h the for example acceleration voltage lOkeV , to 
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become concentration 5X I0<sup>15</sup>cm 
<sup>-2</sup> in forming region , ramming down, it forms 
the p+PolySi. 

resist mask 15 is used to forming region of N- MOS transistor 
and inside dividing of ion of forming region of P-MOS 
transistor . 

[0030] 

Figure 2 (e ), formation of contact hole , fullness of metal 
andformation of wiring sequential doing semiconductor 
device is completed. It forms pattern of gate electrode 10 (5) 
after that, with technique of the public knowledge . :111s 
impurity to extended source or extended drain region 6.forms 
sidewall 4 of gate electrode 10, fills impurity to source S and 
the drain D, and it activates, on second metal layer 12 and in 
extended source or on drain region 6 it forms metal layer 13, 
13&apos; which consists of CoSi<sub>2</sub> in 
self-aligning , interlayer insulating film 7 is accumulated 

[0031] 

Figure 3 is schematic sectional view of MIS type transistor 
100C of embodiment where this invention differs. 

With this transistor 100C, first metal layer 1 1 is torrid from 
Ti. second metal layer 12 isformed from Pt , metal layer of 3 
rd is abbreviated. 

[0032] 

In addition, this transistor 100C uses SOI substrate 9 - In the 
diagram , sign 16 displays buried oxide film . ) as substrate 
which forms the transistor , like complete empty * eyre 
transistor it is something wherecontrols Vth with only work 
function of gate electrode 10 without doped doing imrurity in 
channel part 8. 

this way when Vth is controlled, when N- MOS transistor and 
the P-MOS transistor are formed, it is not possible to set work 
function of those gate electrode separately with adjustment of 
impurity concentration . Because film thickness of tint metal 
layer 1 1 can be controlled with each one of the N- MOS 
transistor and P-MOS transistor , anticipated Vth can be 
actualized in both parties of N- MOS transistor and P-MOS 
transistor . 
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[0033] 

Furthermore can MIS type transistor of this invention . take 
various embodiment . 

As for types of metal which metal layer 13 of first metal layer 
1 1, second metal layer 12, 3rd configuration is done it is 
possible, replaces for example first metal layer 1 1 to 
above-mentioned W or Ti. is possible to form from Mo, Ta, 
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Zror other high melting point metal to modify appropriately. 

In case of this , in order to form first metal layer 1 L 
oxyhalide . halide . organometallic compound of the metal 
which corresponds gas molecule which is used with atomic 
layer CVD « Precursor ) as,can be used. 



&mm-mm 
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According :o size of gas molecule . film thickness of metal 
layer which canaccumulate w ith I cycle of atomic layer CVD 
it changes first metal layer 1 1 can becontrolled in desired film 
thickness . but number of cycles by changing. 
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[0034] 

It is possible to decide according to types of constituent metal 
of the first metal layer 1 1 but, it can form second metal layer 
12, from for example Pt . Pd , Co , Ir etc. 
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[0035] 

In addition, regarding MIS t>pe transistor of this invention , 
above-mentioned wayother than forming gate electrode 10 in 
laminated structure . concerning other structure and source , 
drain or other structure of gate electrode there is not 
especially restriction, canapply to various MIS type transistor 
of public knowledge widely. 

types of gate insulating film 2 or not just Sioxide film , be 
able to use the Sinitriding oxide film , 
Ta<sub>2< sub>0<5ub>5</sub>, Al 
<sub>2</suh>0<sub>3< sub>or other ferroelectric 
membrane . film thickness it can modify appropriately. 

[0036] 

[Effects of the Invention] 

According to MIS type transistor of this invention , to 
designate gate electrode as the laminated structure of metal 
layer of multiple kinds where work function differs, because 
thelayer which touches to inside gate insulating film of metal 
layer with atomic layer CVD isformed in thin film below film 
thickness Sdebye length., work function of gate electrode 
whichvvas seen from gate insulating film side, in material of 
gate electrode can be controlledseparately with value of 
peculiar freely in continuous . 

Therefore, when controls threshold value Vth of transistor 
with only impurity of channel , comparing, it is possible to 
decrease variation of the Vth with statistical fluctuation of 
number of impurity for the transistor of one both Vth, power 
supply voltage it becomes possible to set low. 



Depending, it is possible to assure low electric power 
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conversion and acceleration of semiconductor device . 
[Brief Explanation of the Drawing(s)] 
[Figure 1] 

It is a schematic sectional view of MIS type transistor of this 
invention . 

[Figure 2] 

It is a step explanatory diagram of manufacturing method of 
MIS type transistor of this invention . 

[Figure 3) 

It is a schematic sectional view of MIS type transistor of other 
embodiment of this invention . 

[Figure 4] 

It is a schematic sectional view figure of conventional MOS 
type transistor . 

[Explanation of Symbols in Drawings] 
10 

gate electrode 
100 A 

transistor of Working Example 
100B 

transistor of Working Example 
100C 

transistor of Working Example 
II 

first metal layer 
12 

second metal layer 

1<SB>N</SB> 

Nwell 

1<SB>P</SB> 

Pwell 

2 

gate insulating film 
4 

sidewall 
5 
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element-isolating film 
6 

Extended source or extended drain region 
7 

interlayer insulating film 
9 

SOI substrate 
[Figure 1] 



[Figure 3] 
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[Figure 4] 
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